This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 


Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 


• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification ^ : 
A61K 3^515, 3iy34» 31/70 


Al 


(11) InternaUonal Publication Number: WO 96/28162 

(43) Internationa) Publication Date: 19 September 1996 (19,09.96) 


(21) International ApplicaUon Number: PCT/US96/03502 

(22) International Filing Date: U March 1996 (14.03.96) 


(30) Priority Data: 

08/403,320 
08/586,287 


14 March 1995 (14.03.95) US 
11 January 1996(11.01.96) US 


(71) Applicant: UNI VERSITY OF MEDICINE & DENTISTRY OF 

NJ (US/USj; 60 Bergen Street. Newark, NJ 07107 (US). 

(72) Inventors: STRAIR. Roger, 10 Acorn Drive. Skillman. NJ 

08558 (US). MEDINA. Daniel; 7107 Laurel Court, Mon- 
mouth Junction. NJ 08852 (US). TUNG, Peter, 675 
Townsend Avenue #121, New Haven, CT 06512 (US). 

(74) Agent: MUCCINO, Richard, R.; 758 Springfield Avenue, 
Summit, NJ 07901 (US), 


(81) Designated States: CA. JP» European patent (AT. BE, CH, DE, 
DK. ES. FI. FR, GB, GR. IE. IT. LU, MC, NL. PT, SE). 


Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 


(54) TiUe: NEW DRUG COMBINATION FOR THE TREATMENT OF VIRAL DISEASES 
(57) Abstract 

This invention pertains to a method for treating a human with human immunodeficiency vims infection which comprises administering 
to the human a therapeutically effective amount of a thymidine analog, which analog acts as an inhibitor of viral reverse transcnptasc 
necessary for viral replication of human immunodeficiency virus, and a thymidylate synthase inhibitor, or pharmaccutically acceptable salts 


thereof. 


FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCX on the front pages of pamphlets publishing international 
applications under the PCX. 


AM 

Afmenia 

GB 

United Kingdom 

MW 

Malawi 

AT 

Austria 

GE 

Georgia 

MX 

Mexico 

AU 

Australia 

GN 

Guinea 

NE 

Niger 

BB 

Baibados 

GR 

Greece 

NL 

Netherlands 

BE 

Bclgiuni 

HU 

Hungaiy 

NO 

Norway 

BF 

Buricina Faso 

IE 

Ireland 

NZ 

New Zealand 

BG 

Bulgaria 

IT 

Italy 

PL 

Poland 

BJ 

Benin 

JP 

Stpan 

FT 

Portugal 

BR 

Bruil 

KE 

Kenya 

RO 

Romania 

BY 

Belanis 

KG 

Kyrgysian 

RU 

Russian Federation 

CA 

Canada 

KP 

Democratic People's Republic 

SD 

Sudan 

CF 

Centnl African Republic 


of Korea 

SE 

Sweden 

CG 

Congo 

KR 

Republic of Korea 

SG 

Singapore 

CH 

SwiiEcrland 

KZ 

Kazakhstan 

SI 

Slovenia 

a 

Cdte d* I voire 

U 

Liechtenstein 

SK 

Slovakia 

CM 

Cameroon 

LK 

Sri Lanka 

SN 

Senegal 

CN 

China 

LR 

Liberia 

SZ 

Swaziland 

CS 

Czechoslovakia 

LT 

Lithuania 

TD 

Chad 

CZ 

Czech Republic 

LV 

Luxembourg 

TG 

Togo 

DE 

Germany 

LV 

Latvia 

TJ 

Tajikistan 

DK 

Denmark 

MC 

Monaco 

TT 

Trinidad and Tobago 

EE 

Estonia 

MD 

Republic of Moldova 

UA 

Ukraine 

ES 

Spain 

MG 

Madagascar 

UG 

Uganda 

n 

Finland 

ML 

Mali 

US 

United States of America 

FR 

France 

MN 

Mongolia 

uz 

Uzbekistan 

GA 

Gabon 

MR 

Mauritania 

VN 

Vici Nam 


wo 96/28162 


PCT/US96/03502 


5 


10 


15 


NEW DRUG COMBINATION 
FOR THE TREATMENT OF VIRAL DISEASES 


20 

BACKGROUND OF THE INVENTION 

This application is a continuation-in-part application of parent 
application serial no. 08/403,320, filed 14 March 1995. 

25 

Field of the Invention 


The present invention relates to a method for treating a human 
with human immunodeficiency virus infection. The method comprises 

30 administering to the human a therapeutically effective amount of a thymidine 
analog, which analog acts as an inhibitor of viral reverse transcriptase 
necessary for viral replication of human immunodeficiency virus, and a 
thymidylate synthase inhibitor. In other embodiments, the method further 
comprises administering to the human a therapeutically effective amount of a 

3 5 folate antagonist or hydroxyurea, or both. 


PCr/US96/03502 

A 

Description of the Background 


The disclosures referred to herein to illustrate the background of 
5 the invention and to provide additional detaU with respect to its practice are 
incorporated herein by reference. For convenience, the disclosures are 
referenced in the following text and respectively grouped in the appended 
bibliography. 

0 Sanctuary Growth Of HIV In The Presence Of AZT 

Acquired immunodeficiency syndrome (AIDS) is believed to be 
caused by the human immunodeficiency virus (HTV). Human 
immunodeficiency virus is a retrovirus which replicates in a human host cell. 
> The human immunodeficiency virus appears to preferentially attack helper 
T-cells (T-lymphocytes or 0KT4-bearing T-cells). When the helper T-cells are 
mvaded by the virus, the T-cells become a human unmunodeficiency virus 
producer. The helper T-ceUs are quickly destroyed causmg the B-cells and 
other T-cells, noimally stunulated by helper T-cells, to no longer function 
normally or produce sufficient lymphokines and antibodies to destroy the 
invading virus or other invading microbes. 

Although the human unmunodeficiency virus does not 
necessarily cause death, the vims generally causes the immune system to be so 
depressed that the human develops secondary infections such as herpes 
cytomegalovirus, Pneumocystis carinni. toxoplasmosis, ttiberculosis, other 
mycobacteria, and other opportunistic infections. Kaposi's s^oma, 
lymphomas, and cervical cancer may also occur. Some humans infected with 
the human immunodeficiency virus appear to live with little or no symptoms 
but appear to have persistent infections, while others suffer mild immune 
system depression with symptoms such as weight loss, malaise, fever, and 
swollen lymph nodes. These syndromes have been called persistent gener^ized 
lymphadenopathy syndrome (PGL) and AIDS related complex (ARC) and 
generally develop imo AIDS. Humans infected with the AIDS virus are 
believed to be persistently infective to others. 


Human immunodeficiency virus is an exO-emely heterogeneous 
. The clinical significance of this heterogeneity is evidenced by the ability 


wo 96/28162 


PCT/US96/03502 


of the virus to evade immunological pressure, survive drug selective pressure, 
and adapt to a variety of cell types and growth conditions. A comparison of 
isolates among infected patients has revealed significant diversity, and within a 
given patient, changes in the predominant isolate over time have been noted 
5 and characterized. In fact, each patient infected with hxraian immunodeficiency 
virus harbors a "quasispecies" of virus with a multitude of undetected viral 
variants present and capable of responding to a broad range of selective 
pressures, such as those imposed by the immune system or antiviral drug 
therapy. Therefore, diversity is a major obstacle to pharmacologic or 

10 immunologic control of human immunodeficiency virus infection. Human 
inununodeficiency vims infection has multiple mechanisms to maximize its 
potential for genetic heterogeneity. These mechanisms result in an extremely 
diverse population of virus capable of responding to a broad range of selective 
pressures, including the inmiune system and antiretroviral therapy, with the 

15 outgrowth of genetically altered virus. 

When a patient with human immunodeficiency virus infection is 
initiated on antiretroviral therapy, there is generally a virologic response 
characterized by declining viremia and antigenemia (5,7,19,20,25). 

20 Unfortunately, the currently available antiretroviral agents which have 
undergone clinical evaluation have only limited benefit because most patients 
will ultimately have evidence of worsening disease and increasing viral burden. 
This progression often occurs in association with the emergence of 
drug-resistant human immunodeficiency virus. For example, most patients 

25 who are treated with 3'-a2ido-3'-dcoxythymidine (AZT) will have initial 
evidence of improvement of clinical and laboratory parameters of human 
immunodeficiency virus infection (7,20). The duration of this benefit varies 
from patient to patient and is likely to be disease stage related (21). 
Ultimately, however, most patients will have progressive disease and genotypic 

30 or phenotypic evidence of the appearance of AZT-resistant human 
immunodeficiency virus (9,12). Since clinical failure and the appearance of 
virus with high level resistance to AZT both occur with evidence of increasing 
levels of viremia and changes in viral tropism, it has been difficult to ascribe 
the clinical failure solely to the development of AZT resistance (2,11). 

35 Nevertheless, it seems likely that AZT resistance ultimately contributes to the 
clinical failure seen in most patients receiving prolonged AZT therapy. 
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While the development of viral-encoded drug resistance may 
contribute to the limited efficacy of currently used antiretroviral agents, it 
cannot explain all of the in vitro and in vivo phenomena associated with viral 
replication in the presence of an antiretroviral agent. For example, many 
5 patients will have continued evidence of viral replication after initiation of AZT 
therapy, but the isolated virus will remain sensitive to AZT when analyzed in 
tissue culture (7,20), In contrast, high level human inmiunodeficiency virus 
resistance to many of the non-nucleoside reverse transcriptase inhibitors 
develops very rapidly in culture and in patients (13.16,22,23). Some of these 
10 differences may relate to the complexity and prevalence of viral variants 
harboring pre-existing drug resistance mutations prior to the application of the 
selective pressure. However, some of the differences may be due to cellular 
heterogeneity in the uptake or metabolism of the antiretroviral agents, that is, 
each cell population may have some cells that are refractory to the antiviral 
15 effects of the drug. This would allow a subset of the cellular population to be 
successfully infected by genetically drug-sensitive human immunodeficiency 
virus in the presence of the antiviral drug. Depending upon the prevalence of 
drug-resistant human immunodeficiency virus in the initial population, the 
relative rates of replication of drug-resistant and drug-sensitive virus, and the 
20 percentage of cells refractory to the antiviral effects of the drug, different 
patterns of viral breakthrough would emerge. Notably, the non-nucleoside 
reverse transcriptase inhibitors do not undergo cellular metabolism and cellular 
effects of uptake or metobolism may be less likely in this setting. This is 
consistent with the observation that viral-encoded drug resistance to the 
25 non-nucleoside reverse transcriptase inhibitors develops very rapidly under 
selection in tissue culture and in patients. In fact, the rapid development of 
resistance in patients suggests that the blood and plasma compartment of virus 
is subjected to drug selective pressure. The presence of human 
immunodeficiency virus, but lack of AZT-resistant human inununodeficiency 
3 0 virus, early after the initiation of AZT suggests that a component of this viral 
pool may be capable of averting selective drug pressure in vivo. Continued 
viral replication in cells in which AZT is an ineffective antiretroviral agent 
could conceivably result in the continued growth of virus that is sensitive to 
AZT. An increase in the number of these cells over time could also alter viral 
35 growth kinetics in the presence of AZT without the emergence of virus with 
high level AZT resistance. Therefore, many mechanisms may contribute to the 
inability of an antiviral agent to completely suppress human immunodeficiency 
virus infection. Viral growth in the presence of the non-nucleoside reverse 
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5 

transcriptase inhibitors appears due to the rapid selection of genetically resistant 
virus. In contrast, genetic viral drug resistance does not appear to be the major 
mechanism contributing to early viral growth in the presence of AZT. 

5 The use of recombinant human immunodeficiency virus 

encoding reporter genes has been reported to analyze viral breakthrough 
infection in the presence of antiretroviral agents (26). In that study, to 
determine the prevalence of viral variants spontaneously resistant to the 
non-nucleoside reverse transcriptase inhibitor TIBO R82150, HeLa-T4 cells 

10 were infected in the presence of drug with replication defective HIV-gpt 
(18,26) or HTV-LacZ (26). The recombinant virus used for these infections 
was produced by infection of cell lines contaming an integrated copy of the 
defective recombinant virus with replication-competent human 
immunodeficiency virus. The replication-competent human immunodeficiency 

15 virus provided the necessary gene products to rescue the defective virus. The 
prevalence of viral variants containmg mutations encoding resistance to TIBO 
R821S0 was reflected by the prevalence of recombinant viruses capable of 
infecting HeLa-T4 cells in the presence of TIBO R82150. The presence of 
reporter genes in the recombinant viruses allowed for a quantitative analysis of 

20 a single cycle of infection on a single cell basis. 

United States patent no. 4,724,232 (Rideout et ai) discloses a 
method for treating a human having acquired inununodeficiency syndrome 
which comprises administering to the human 3 '-azido-S'-deoxy thymidine. 


25 


30 


Cancer, December 15, 1992. vol. 70. no. 12, pp. 2929-2934 
(Posner et al) discloses the use of 3'-azido-3*-deoxythymidine and 5- 
fluorouracil in the treatment of cancer. 


BRIEF DESCRIPTION OF THE HGURES 


35 


Figure 1 is a schematic representation of the production of 
recombinant HTV-gpt by COS cell transfection or rescue from the H9/HIV-gpt 
cell line. 
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Figure 2 is a schematic representation of the analysis of colonies 
arising after COS ceU derived HIV-gpt infection of HeLa-T4 cells in the 
presence of lO^M AZT. 

5 Figure 3 is a graph showing the infection of a clone of HeLa-T4 

cells "persistently resistant" to the antiviral effects of AZT (clone R116) and a 
control clone (SI) with replication-competent HIV-IIIIB in the presence of 
0.1/zM AZT. 

10 Figures 4A and 4B are graphs illustrating thymidine metabolism- 

HPLC analysis of clones obtained after infection of HeLa-T4 cells with 
HIV-gpt in the presence and absence of AZT. 

Figure 5 is a graph showing a comparison of thymidme kinase 
15 mRNA levels (A) and enzyme activity (B) in cell lines sensitive and persistently 
resistant to the antiretroviral effects of AZT. 

Figure 6 is a graph showing cellular toxicity of AZT. 

20 Figure 7A and Figure 7B are graphs showing the suppression of 

viral breakthrough in cells sensitive and refractory to the antiviral effects of 
AZT. 

Figure 8 is a graph illustrating FUdR cytotoxicity in cells 
25 sensitive and refractory to the antiretroviral activity of AZT. 

Figure 9 is a graph showing AZT-FUdR cytotoxicity in JE6.1 
cells sensitive and resistant to the antiviral effects of AZT. 

30 Figure 10 is a graph showmg that the AZT-FUdR combination 

inhibits HIV-1 mfection of PBMC. 


SUMMARY OF THE INVENTION 

35 

This invention pertains to a method for treating a himian with 
human immunodeficiency virus infection (acquired inmiunodeficiency 
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syndrome) which comprises admmistering to the human a therapeutically 
effective amoimt of a thymidine analog, which analog acts as an inhibitor of 
viral reverse transcriptase necessary for viral replication of human 
immunodeficiency virus, and a thymidylate synthase inhibitor, or 
5 pharmaceutically acceptable salts thereof. In other embodiments, the method 
further comprises administering to the human a therapeutically effective amount 
of a folate antagonist or hydroxyurea, or both. 


DETAILED DESCRIPTION OF THE INVENTION 


Sanctuary Growth Of HIV In The Presence Of AZT , 

15 Human inmiunodeficiency virus resistance to the non-nucleoside 

reverse transcriptase inhibitors emerges very rapidly under selection in culture 
and in patients. In contrast. AZT-resistant HIV generally emerges in patients 
only after more prolonged therapy. Although HIV can be cultured from many 
patients shortly after the initiation of AZT treatment, characterization of the 

20 virus that is cultured generally indicates that it is sensitive to AZT. To initiate 
an evaluation of the mechanisms contributing to early HIV breakthrough in the 
presence of AZT and other nucleoside analogs, replication-defective HIV 
encoding reporter genes were utilized. These recombinant HIV allow a 
quantitative analysis of a single cycle of infection. Results with these defective 

25 HIV indicate that early infection in the presence of AZT often results from the 
infection of a cell which is refractory to the antiretroviral effects of AZT. 
Characterization of cell lines derived from such infected cells has demonstrated 
decreased accumulation of AZT, increased phosphorylation of thymidine to 
TTP, and increased levels of thymidine kinase activity. In addition, AZT 

30 inhibition of replication-competent HIV infection is also significantly impaired 
in this cell line. 

The present invention relates to a method for treating a human 
with human immunodeficiency virus infection. The method comprises 
35 administering to the human a therapeutically effective amoimt of a thymidine 
analog, which analog acts as an inhibitor of viral reverse transcriptase 
necessary for viral replication of human immunodeficiency virus, and a 
thymidylate synthase inhibitor. Thymidine analogs, such as 3'-azido-3'- 
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deoxythymidine (AZT), are prodrugs in the treatment of acquired 
immunodeficiency syndrome. 3*-Azido-3^-deoxythymidine is converted by 
ceUular enzymes to 3 '-azido-S '-deoxythymidine monophosphate (AZTMP). 
The monophosphate is then converted by cellular enzymes to 3*-azido-3*- 
5 deoxythymidine diphosphate (AZTDP) and 3 '-azido-S '-deoxythymidine 
triphosphate (AZTTP). In human cells infected with HIV, 3'-azido-3'- 
deoxythymidine triphosphate is an mhibitor of the viral reverse transcriptase 
necessary for viral replication. Some cells, however do not efficiently 
metabolize AZT to the triphosphate and may overproduce the natural thymidine 

10 triphosphate, which competes with the antiviral activity of AZTTP. Studies 
have demonstrated that these cells contribute to the early failure of the antiviral 
activity of AZT. By coadministering a thymidylate synthase inhibitor with the 
thymidine analog, applicants have found that that the thymidine analog is a 
more effective inhibitor of HIV replication. The thymidylate synthase inhibitor 

15 may function by resulting in lower levels of thymidme triphosphate to compete 
with the phosphorylated thymidine analog reverse transcriptase inhibition. 

In another embodiment, the method further comprises 
administering to the human a therapeutically effective amount of a folate 

20 antagonist together with the thymidine analog and the thymidylate synthase 
inhibitor to modulate the effects of the thymidine analog. In yet another 
embodiment, the method further comprises administering to the human a 
therapeutically effective amount of hydroxyurea together with the thymidine 
analog and the thymidylate synthase inhibitor to modulate the effects of the 

25 thymidylate synthase inhibitor. In still yet another embodiment, both the folate 
antagonist and hydroxyurea may be administered with the thymidine analog and 
the thymidylate synthase inhibitor. 

Use of Floxuridine To Modulate the Antiviral Activity Of AZT 

30 

Recent clinical studies have demonstrated that early HIV 
replication after initiation of AZT is generally a consequence of the replication 
of AZT-sensitive virus (29). A prior in vitro analysis of this early 
breakthrough replication in the presence of AZT has demonstrated the infection 
35 of cells in which AZT was an ineffective antiviral agent (31). A metabolic 
characterization of these cells has led to the development of a novel 
combination therapy designed to potentiate the antiviral efficacy of AZT. The 
present invention describes the antiviral effects of the combination of 
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floxuridine and AZT. This combination suppresses early viral breakthrough, 
lowers the IC50 of AZT, and has particular antiviral efficacy in the subset of 
cells that are mfected with AZT-sensitive virus in the presence of AZT. The 
antiviral efficacy of this combination in peripheral blood mononuclear cells 
5 suggests potential clinical utility. 

In an attempt to explain the ability of genetically-sensitive HTV 
to replicate in the presence of AZT, applicants have initially utilized 
recombinant replication-defective HTV to quantitate infection in the presence of 

10 AZT (31). In those studies, replication-defective HIV encoding a selectable 
marker was used to infect target cells in the presence of 10 /iM AZT. The 
cells infected with the defective HTV were isolated by expression of the 
selectable marker. A subset of these mfected cells was demonstrated to be 
readily infected with another HIV in the presence of 10 /xM AZT. These cells 

15 were persistently refractory to the antiviral effects of AZT and were 
demonstrated to have excessive phosphorylation of thymidine to TTP, increased 
thymidine kinase activity and decreased accumulation of AZTTP. 

These data suggested that a component of early infection with 
20 AZT-sensitive HTV in the presence of AZT was a consequence of the infection 
of cells which were refractory to the antiviral effects of AZT. Some of these 
cells had metabolic factors resulting in reduced AZTTP/TTP ratios in the cells. 
These data also suggest that it may be possible to overcome this reduced 
antiviral efficacy of AZT by biochemical modulation of TTP pool sizes. One 
25 way to potentially modulate these cells is with fluoropyrimidines such as 
5-fluorodeoxyuridine (FUdR). These compounds are known to reduce cellular 
thymidine pools by the inhibition of tfiymidylate synthase. 

In the present invention, applicants demonstrate the suppression 
3 0 of early HTV infection in the presence of AZT with FUdR. FUdR will be 
shown to potentiate the antiviral effects of AZT in whole cell populations 
(including peripheral blood mononuclear cells [PBMC]) as well as in subsets of 
cells isolated by infection with recombinant HTV in the presence of AZT. 
Infection of these latter cells will be shown to be extremely sensitive to 
3 5 combined AZT-FUdR therapy. 

The term "prodrug", as used herein refers to compounds which 
undergo biotransformation prior to exhibiting their pharmacological effects. 
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The chemical modification of drugs to overcome pharmaceutical problems has 
also been termed "drug latentiation. " Drug latentiation is the chemical 
modification of a biologically active compound to form a new compound which 
upon in vivo enzymatic attack will liberate the parent compound. The chemical 
5 alterations of the parent compound are such that the change in physicochemical 
properties will affect the absoiption, distribution and enzymatic metabolism. 
The definition of drug latentiation has also been extended to include 
nonenzymatic regeneration of the parent compound. Regeneration takes place 
as a consequence of hydrolytic, dissociative, and other reactions not necessarily 

10 enzyme mediated. The terms prodrugs, latentiated drugs, and bioreversible 
derivatives are used interchangeably. By inference, latentiation implies a time 
lag element or time component involved in regenerating the bioactive parent 
molecule in vivo. The term prodrug is general m that it includes latentiated 
drug derivatives as well as those substances which are converted after 

15 administration to the actual substance which combines with receptors. The 
term prodrug is a generic term for agents which undergo biotransformation 
prior to exhibiting their pharmacological actions. 

As set out above, the present invention relates to a method for 
20 treating a human with human immunodeficiency virus infection which 
comprises administering to the human a therapeutically effective amount of a 
thymidine analog, which analog acts as an inhibitor of viral reverse 
transcriptase necessary for viral replication of human inmiunodeficiency virus, 
and a thymidylate synthase inhibitor. 

25 

The thymidine analogs, and prodrugs thereof, which may be 
employed in the present invention are compounds which act as inhibitors of 
vu-al reverse transcriptase necessary for viral replication of human 
immunodeficiency virus. In general, the thymidine analogs are prodrugs which 
3 0 are converted by cellular enzymes to their respective active monophosphates, 
diphosphates, and/or triphosphates which are inhibitors of viral reverse 
transcriptase. Nonlimiting examples of thymidine analogs may be selected 
from the group consisting of 3 '-azido-3'-deoxy thymidine, and D4T. In a 
preferred embodiment, the thymidine analog is 3 '-azido-3'-deoxy thymidine. 

35 

3'-Azido-3*-deoxythymidine (AZT. azidothymidine, zidovudine, 
RetrovirTM), is an antiretroviral drug active against human immunodeficiency 
virus. 3*-Azido-3*-deoxythymidine is an inhibitor of the replication of 
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retroviruses includiiig HTV also kno4n as HTLV 111, LAV. or ARV. 3'- 
Azido-3'-<ieoxythymidine is a thymidine analog in which the 3 '-hydroxy (-0H) 
group of thymidine is replaced by an azido (-N3) group. Cellular thymidine 
kinase converts 3'-azido-3'-deoxythyniidine into AZT monophosphate. The 
5 monophosphate is further converted into AZT diphosphate by cellular 
thymidylate kinase and to the AZT triphosphate derivative by other cellular 
enzymes. 3'-A2ido-3'-deoxythyuudine triphosphate interferes with the HIV 
viral RNA dependent DNA polymerase (reverse transcriptase) and thus, 
inhibits viral replication. 3'-Azido-3'-deoxythymidine is useful in treating 

10 humans identified as having HIV infection. 3'-Azido-3'-deoxythymidine is 
disclosed in J. R. Horwitz et al., J. Org. Chem. 29, July 1964, pp. 2076-2078; 
M. Imazawa et al., J. Org. Chem.. 43(15) 1978, pp. 3044-3048; also see 
Biochemical Pharmacology, Vol. 29. pp. 1849-1851; C. J. Kreig et al., 
Experimental Cell Research 116 (1978) pp. 21-29; W. Ostertag et al, Proc. 

15 Nat. Acad. Sci. U.S.A. 71 (1974). 

The thymidine analogs which act as an inhibitor of viral reverse 
transcriptase necessary for viral replication of human immunodeficiency virus, 
may be administered as the free base or in the form of a pharmaceutically 
20 acceptable salt, e.g., an alkali metal salt such as sodium or potassium, an 
alkaline earth salt or an ammonium salt (all of which are hereinafter referred to 
as a pharmaceutically acceptable base salt). The salts of the thymidine analog 
are converted to the free base after being administered to the human and are 
thus prodrugs. 

25 

The amount of thymidine analog which acts as an inhibitor of 
viral reverse transcriptase present in the therapeutic compositions of the present 
invention is a therapeutically effective amount. A therapeutically effective 
amount of thymidine analog is that amount necessary to inhibit viral reverse 

30 transcriptase. All prodrugs or precursors are administered to a human in a 
therapeutically effective amount sufficient to generate an effective amount of 
the compound which inhibits viral reverse transcriptase necessary for viral 
replication of human immunodeficiency virus. In general, a suitable effective 
dose of the thymidine analog or its pharmaceutically acceptable basic salts will 

35 be in the range of about 5mg to 250mg per kilogram body weight of recipient 
per day, preferably in the range of 7.5mg to lOOmg per kUogram body weight 
per day, and most preferably in the range lOmg to 40mg per kilogram body 
weight per day. 
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The thymidylate synthase inhibitors, and prodrugs thereof, 
which may be employed in the present invention are compounds which are 
antimetabolites which interfere with the synthesis of deoxyribonucleic acid 
5 (DNA) and to a lesser extent inhibit the formation of ribonucleic acid (RNA). 
In general, the thymidylate synthase inhibitors inhibit the synthesis of 
thymidine triphosphate so that the phosphorylated thymidine analog which acts 
as an inhibitor of the viral reverse transcriptase can compete more effectively 
with thymidine triphosphate and will more effectively inhibit viral reveree 

10 transcriptase necessary for viral replication of human immunodeficiency virus. 
Nonlimiting examples of thymidylate syndiase inhibitors may be selected from 
the group consisting of 5-fluorouracil, 5-fluoro-2-pyrimidone (a prodrug of 5- 
fluorouracil), and floxuridine. Preferably, the fliymidylate synthase inhibitor is 
floxuridine. These drugs may inhibit HIV infection by other mechanisms as 

15 well. 


5-FluorouraciI (5-FU) is a fluorinated pyrimidine antineoplastic 
antimetabolite. The metabolism of 5-fluorouracil in the anabolic pafliway 
blocks the metiiylation reaction of deoxyuridylic acid to tiiymidylic acid and 
interferes with the synfliesis of deoxyribonucleic acid (DNA) and to a lesser 
extent inhibits tiie formation of ribonucleic, acid (RNA). Since DNA and RNA 
are essential for cell division and growUi, the effect of fluorouracil may be to 
create a tiiymine deficiency which provokes unbalanced growth and deatii of 
tiie cell. The effects of DNA and RNA deprivation are most marked on tiiose 
cells which grow more rapidly and which take up fluorouracil at a more rapid 
pace. 


Floxuridine (FUdr) is a fluorinated pyrimidine antineoplastic 
antimetabolite. Chemically, floxuridine is 2'-deoxy-5-fluorouridine. FUdr 
30 produces the same toxic and antimetabolic effects as does 5-fluorouracil. The 
primary effect is to interfere witii tiie synthesis of deoxyribonucleic acid (DNA) 
and to a lesser extent inhibit tiie formation of ribonucleic acid (RNA). 
Derivatives of 5-fluorouracU and floxuridme may also be incorporated into 
DNA or RNA. 

35 

The amount of tiiymidylate synUiase inhibitor present in tiie 
tiierapeutic compositions of die present invention is a therapeutically effective 
amount. A Uierapeutically effective amount of tiiymidylate syntiiase inhibitor is 
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that amount necessary to improve the imiviral efficacy of the thymidine analog 
so that the phosphorylated thymidine analog which acts as an inhibitor of the 
viral reverse transcriptase can compete more effectively in the inhibition of 
viral reverse transcriptase necessary for the replication of HIV. In general, a 
suitable effective dose of the tiiymidylate synthase inhibitor or its 
pharmaceuticaUy acceptable salts wiU be in the range of about O.Olmg to 25mg 
per kUogram body weight of recipient per day. preferably in the range of 
O.Olmg to lOmg per kUogram body weight per day, and most preferably in the 
range O.Olmg to 5mg per kUogram body weight per day. 

As set out above, the method of the presem invention may 
further comprise administering to a human a therapeutically effective amount of 
a folate antagonist together with the tiiymidine analog which acts as an inhibitor 
of viral reverse transcriptase and the thymidylate synthase inhibitor to modulate 
the effects of the thymidine analog. The folate antagonists, and prodrugs 
thereof, which may be employed in the present invention are compounds which 
are antimetabolites which interfere with the syntiiesis of deoxyribonucleic acid 
(DNA) and to a lesser extent inhibit the formation of ribonucleic acid (RNA). 
Nonlimiting examples of folate antagonists may be selected from the group 
consisting of methotrexate and trimetraexate. Preferably, the folate antagonist 
is methotrexate. 

Methotrexate (Amethopterin) is an antimetabolite used in the 
treatment of certain neoplastic diseases, severe psoriasis, and adult rheumatoid 
arthritis. Chemically methotrexate is N-[4-[[(2,4-diamino-6- 

pteridinyl)-methyl]methylamino]benzoyll-L-glutamic acid. Methotrexate 
inhibits dihydrofolic acid reductase. Dihydrofolates must be reduced to 
tetrahydrofolates by this enzyme before they can be utilized as carriers of one 
carbon groups in tiie synthesis of purine nucleotides and thymidylate. 
Therefore, metiiotrexate interferes with DNA synthesis, repair, and cellular 
replication. 

The amount of folate antagonist present in the therapeutic 
compositions of flie present invention is a therapeutically effective amount. A 
tiierapeutically effective amoum of folate antagonist is tiiat amount necessary to 
modulate die effects of the thymidine analog. In general, a suitable effective 
dose of folate antagonist or its pharmaceuticaUy acceptable salts wUl be in the 
range of about O.OSmg to 25mg per kilogram body weight of recipient per day. 
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preferably in the range of 0.05mg to lOmg per kUogram body weight per day, 
and most preferably in the range O.OSmg to 4mg per kilogram body weight per 
day. 

5 As set out above, the method of the present invention may 

fiirther comprise administering to a human a therapeutically effective amount of 
hydroxyurea, and prodrugs thereof, together with the thymidine analog and the 
thymidylate synthase inhibitor to modulate the effects of the thymidylate 
synthase inhibitor. Hydroxyurea has the structural formula H2N-CO-NHOH. 
10 The precise mechanism by which hydroxyurea produces cytotoxic effects is not 
known but it is believed that hydroxyurea causes an immediate inhibition of 
DNA synthesis without interfering with the synthesis of ribonucleic acid or of 
protein. 


15 
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The amount of hydroxyurea present in the therapeutic 
compositions of the present invention is a therapeutically effective amount. A 
tiierapeutically effective amount of hydroxyurea is that amount necessary to 
modulate the effects of the thymidylate syntiiase inhibitor. In general, a 
suitable effective dose of hydroxyurea or its pharmaceutically acceptable salts 
will be in tiie range of about 5mg to 250mg per kilogram body weight of 
recipient per day, preferably in the range of 7.5mg to lOOmg per kilogram 
body weight per day, and most preferably in tiie range lOmg to 40mg per 
kilogram body weight per day. 

25 Administration may be by any suitable route including oral, 

rectal, nasal, topical (including buccal and sublingual), vaginal, and parenteral 
(including subcutaneous, intramuscular, intravenous and intradermal), witii oral 
or parenteral being preferred. The preferred route may vary witii the condition 
and age of the recipient. 

30 

While it is possible for tiie administered ingredients to be 
administered alone, it is preferable to present tiiem as part of a pharmaceutical 
formulation. The formulations of tiie present invention comprise tiie 
administered ingredients, as above defmed, togetiier witii one or more 
35 acceptable carriers tiiereof and optionally otiier flierapeutic ingredients. The 
carrier(s) must be "acceptable" in tiie sense of being compatible wifli tiie otiier 
ingredients of tiie formulation and not deleterious to tiie recipient. 
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The formulations include those suitable for oral, rectal, nasal, 
topical (including buccal and sublingual), vaginal or parenteral (including 
subcutaneous, intramuscular, intravenous and intradermal) administration. The 
formulations may conveniently be presented in unit dosage form, e.g., tablets 
and sustained release capsules, and may be prepared by any methods well 
known in the art of pharmacy. 

Such methods include the step of muting the ingredients to be 
administered with the carrier which constitutes one or more accessory 
ingredients. In general, the formulations are prepared by uniformly and 
intimately bringing into association the active ingredient with liquid carriers or 
finely divided solid carriers or both, and then if necessary shaping the product. 

Formulations of the present invention suitable for oral 
administration may be presented as discrete units such as capsules, cachets, or 
tablets each containing a predetermined amount of the active ingredient; as a 
powder or granules; as a solution or a suspension. 

A tablet may be made by compression or molding, optionally 
with one or more accessory ingredients. Compressed tablets may be prepared 
by compressing in a suitable machme the active ingredient in a free-nowing 
form such as a powder or granules, optionally mixed with a binder, lubricant, 
inert diluent, preservative, surfactant or dispersing agent. Molded tablets may 
be made by molding in a suitable machine a mixtore of the powdered 
compound moistened with an inert liquid dUuent. The tablets may optionally 
be coated or scored and may be formulated so as to provide slow or controlled 
release of the active ingredient therein. 

Formulations suitable for topical administration include lozenges 
comprising the ingredients in a flavored base, usually sucrose and acacia or 
tragacanth; pastilles comprising the active ingredient in an inert basis such as 
gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the 
ingredient to be administered in a suitable liquid carrier. 

Formulations suitable for topical administration to the skin may 
be presented as ointments, creams, gels and pastes comprising the ingredient to 
be administered and a pharmaceuUcally accepuble carrier. A preferred topical 
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delivery system is a transdermal patch containing the ingredient to be 
administered. 

Formulations for rectal administration may be presented as a 
5 suppository with a suitable base comprising, for example, cocoa butter or a 
salicylate. 

Formulations suitable for nasal administration wherein the 
carrier is a solid include a coarse powder having a particle size, for example, in 
10 the range 20 to 500 microns which is administered in the manner in which 
snuff is taken, i.e., by rapid inhalation through the nasal passage from a 
container of the powder held close up to the nose. Suitable formulations 
wherein the carrier is a liquid, for administration, as for example, a nasal spray 
or as nasal drops, include aqueous or oily solutions of the active ingredient. 


15 


20 


Formulations suitable for vaginal administration may be 
presented as pessaries, tampons, creams, gels, pastes, foams or spray 
formulations containing in addition to the active ingredient such carriers as are 
known in the art to be appropriate. 


Formulations suitable for parenteral administration include 
aqueous and non-aqueous sterile injection solutions which may contain 
antioxidants, buffers, bacteriostats and solutes which render tiie formulation 
isotonic wiUi tiie blood of Uie intended recipient; and aqueous and non-aqueous 

2 5 sterile suspensions which may include suspending agents and thickening agents. 
The formulations may be presented in unit dose or multidose containers, for 
example, sealed ampules and vials, and may be stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the sterile liquid carrier, 
for example water for injections, immediately prior to use. Extemporaneous 

30 injection solutions and suspensions may be prepared from sterile powders, 
granules and tablets of the kind previously described. 


35 


Preferred unit dosage formulations are those containing a daily 
dose or unit, daily subdose, or an appropriate fraction thereof, of die 
administered ingredient. 
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The present invention is further illustrated by the following 
examples which are presented for purposes of demonstrating, but not limiting, 
the preparation of the compounds and compositions of this invention. 

EXAMPLES 

Sanctuary Growth Of HIV In The Presence Of AZT 
Methods 

Construction of Recombinant Proviral DN A 


The HIV construct encoding LacZ has been described (26). It 
contains the LacZ gene driven by an SV40 promoter inserted into a large 

15 deletion in the HIV genome extending from the 5' end of the pol gene to the 3* 
end of the env gene. The HTV-gpt and HXB2env plasmids were kindly 
provided by Kathleen Page (University of California, San Francisco, CA) (18). 
The HTV-gpt plasmid contains an HXB2 provirus into which an SV40 promoter 
gpt (E. coli guanine phosphoribosyl transferase) gene was inserted into the env 

20 region. The HXB2 env plasmid contains the HXB2 gpl60 gene driven by an 
SV40 promoter. 

Production of "Plasmid Derived" Recombmant Retroviruses 

25 All transfections and cell culture were performed in an approved 

facility using BSL3 techniques. Plasmid DNA co-transfections into COS cells 
were perfonned as described by Page et al. (18). Supematants from COS cells 
were collected 40 hours after transfection and assayed for infectious 
recombinant HIV-LacZ virus by inoculating 2 xlO^ HeLa-T4 cells with 0.1 ml 

30 of filtered (0.45^1X1) supernatant. Cells were stained for beta-galactosidase 
activity with X-gal 48 hours after infection as described (26,27). To assay for 
infectious recombinant HTV-gpt virus, the infected cells were split 1:10 into gpt 
selective media as described (26). Medium changes were performed every 3 
days and colonies were counted 10-14 days post-infection after staining with 

35 1% crystal violet in 10% formalin. 
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Cell Lines Containing Defective HIV-gpt and HIV-LacZ 

The H9/HIV-gpt cell line and HeLa T4/HIV-LacZ cell line were 
prepared and used as previously described (26). Rescue of defective 
5 retroviruses from the H9/HIV-gpt cell Ime and the HeLa T4/HIV-LacZ cell 
line were performed as previously described (26). Following each rescue 
infection, the resultant titer of HIV-LacZ or HIV-gpt was determined and the 
inoculum used to mfect HeLa-T4 cells was adjusted depending upon the 
number of infectious events to be analyzed. 

10 

HFLC Analysis of Clones 


Cell lines were incubated with 'H-thymidine or ^H-AZT for 4 
hours. Dried methanol extracts of the clones were redissolved in 60/il of 
distilled water and centrifuged to remove undissolved material. Twenty 
microliters of the sample was injected and separated on a 10 x 100 mm Rainin 
Hydropore anion exchange column. The nucleosides were eluted from the 
column with a linear gradient of potassium phosphate (5 mM to 1 M, pH4.0) at 
a flow rate of 1 ml/min. The samples were collected (0.5 ml), mixed with 5 
ml Packard scintillation fluid, and quantitated using a liquid scintillation 
counter. Phosphorylated derivatives of thymidine and AZT were identified 
with authentic standards. 


Cytotoxicity Assay 

25 

AZT-mediated cytotoxicity was assayed in cells persistently 
refractory to the antiviral effects of AZT (R116) and in cells sensitive to the 
antiviral effects of AZT (HT4. S pool and SI) using a standard assay (14). 
Triplicate wells of 24 - well plates containing 3x10* cells were culnired in the 

30 absence or presence of various concentrations of AZT. Three days later, drug 
cytotoxicity was quantitated with a standard MTT assay in which the uptake 
and metabolism of 3-[4, 5-dimethylthiazol-2-yl] 2, S-dephenyltetrazolium 
bromide (MTT) by cells was measured (14). The amount of formazan 
produced in 2 hours was determined by dissolving the product in 100% DMSO 

35 and then measuring the absorbance at 570 nm. 
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Total RNA from SI and R116 cells wesre extracted as described 
previously (4). Equal amounts of total RNAs were electrophoresed on an 
agarose gel containing 1% fonnaldehyde and blotted onto a nylon membrane. 
The RNAs were hybridized with a ^P-labled human thymidine kinase probe 
(3). The labeled bands were visualized using autoradiography and quantitated 
using a Molecular Dynamics Personal Densitometer. 

Thymidine Kinase Assay 

Thymidine kinase activity was determined in cell lines sensitive 
and resistant to AZT. Cellular extracts of SI and R116 cells were prepared 
according to Sherley and Kelly (24) and assayed for thymidine kinase activity 
as described by Lee and Cheng (10). Protein concentration of each extract was 
determined using Biorad Protein Reagent. 

Use of Floxuridine To Modulate the Antiviral Activity Of AZT 


Materials and Methods 

Cells. Cell line R116 is a derivative of HeLa-T4 cells that was 
isolated after infection of HeLa-T4 cells with HIV-gpt in the presence of lO^M 
AZT (31). This cell line was demonstrated to be refractory to the antiviral 
effects of AZT by virtue of reinfection with either recombinant or 
replication-competent HIV infection in the presence of AZT. Cell line SI is a 
derivative of HeU-T4 cells that was isolated after infection of HeLa-T4 cells 
with HIV-gpt in the absence of AZT (31). Cells were cultured in Dulbecco's 
modified Eagle's medium supplemented with antibiotics, 2 mM L-glutamine, 
and 10% fetal bovine serum (FBS). H9 cells, JE6.1 cells and MT-2 cells were 
culwred in RPMI 1640 medium supplemented with antibiotics, 2 mM 
L-glutamine, and 10% FBS. Peripheral blood mononuclear cells (PBMC) 
isolated from healthy HIV-1 seronegative donors were activated with PHA 
(lOug/ml) for 72 hours prior to HIV-1 infection. PBMC were maintained in 
RPMI 1640 supplemented with 10% interieukin-2 (Advanced Biotechnologies, 
Columbia, MD), 20% FBS, 2 mM L-glutamine and antibiotics. 
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Stock preparations of HIV-1 niB were liarvested from H9 cells 
by the "shake off method" (13). An AZT sensitive clinical isolate 
(HIV-lpreA08) (9) was prepared in MT-2 ceUs. Stock vims infectivity was 
determined by end-point dilution in MT-2 cells (32). Virus-induced cytopathic 
effect (syncytium formation) was scored 7 days post-infection and flie TCID50 
was calculated with die Reed and Muench equation (33). 


Compounds 


Azidotiiymidine (AZT) and Floxuridine (FUdR) were purchased 
from Sigma Chemical Co. (St. Louis. MO) and were dissolved in phosphate 
buffered saline, sterile filtered (0.22 um) and stored at -20''C. 

HIV RT Assay 


HIV-1 production in infected cultures was determined by a 
P-based assay as described (34). RT activity was determined by quatification 
20 of 32p bound to ^ jjggj p^p^^ ^ Molecular Dynamics 

phosphoriraager. The results are reported as pixel units per microliter of the 
reaction mixture. 


Cytotoxicity Assay 

A checkerboard analysis of the cytotoxicity of AZT and FUdR 
alone and in combination was assayed. Triplicate wells of of 24-well plates 
containing 1 x lO^ cells were cultured in the absence or presence of various 
concentrations of each drag alone and in combination. Samples were taken 
every two days for 8-10 days. Drug cytotoxicity was quantitated by tiie MTT 
reduction assay (14). The amount of formazan produced in 4 hours was 
determined by dissolving the product in O.IN HCl made witii 2-propanol and 
then measuring the A570. 
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Sanctuary Gr wth Of HIV In The Presence Of AZT 

HIV-gpt Infection of Cells in the Absence and Presence of AZT 

HeLa-T4 cells were infected with a recombinant HIV, HIV-gpt, 
in the presence or absence of 10/xM AZT (Figure 1). Two separate populations 
of HTV-gpt were utilized for these infections. One population of HIV-gpt was 
produced in COS cells by co-transfection of the HFV-gpt plasmid with a 
plasmid encoding the HXB2 env gene. The infectious virions produced by this 
co-transfection have litde genetic diversity in that they are produced from 
products encoded by plasmids in COS cells. The second population of HTV-gpt 
was genetically more diverse, being produced by rescue from the H9/HIV.gpt 
cell line with replication competent HIV-iniB that had been propagated in 
culnire (26). After mfection, the HeLa-T4 cells were placed in gpt selective 
media and the number of colonies developing by day 10 was used as an 
indicator of the number of cells initially infected in the absence or presence of 
lO^iM AZT. As can be seen in Table 1, the prevalence of colony formation 
after infection in the presence of AZT was similar (-5 x 10^) with the two 
preparations of HIV-gpt. This simUarity is very distinct from the results of 
infections performed in the presence of a nonnucleoside reverse transcriptase 
inhibitor, TIBO R82150. In those smdies, the prevalence of infection with the 
cos-cell derived virus was twenty fold lower than infection with HIV-gpt 
rescued by replication-competent virus (26). Since the HFV-gpt produced in 
COS cells would not be expected to be genetically diverse, this relatively high 
rate of infection m the presence of AZT was not likely due to the detection of 
viral encoded-AZT resistance. SimUarly. the absence of more prevalent 
infection in the presence of AZT when HFV-gpt was produced by rescue with a 
propagated stock of replication-competent HFV, implies tiiat true genetic 
resistance was not being detected in tiiese experiments. These data suggest that 
other mechanisms may contribute to this eariy viral breakthrough in the 
presence of AZT. 
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S.2. 

Identification of Cells Refractory to the Antiviral Effects of 
Nucleoside Analogs 

To characterize further the mechanisin(s) of viral infection 
5 accounting for the high frequency of colony formation after infection in the 
presence of 10/iM AZT. the experiment depicted in Figure 2 was performed. 
HeLa-T4 cells were infected with HTV-gpt (prepared in COS cells) in the 
absence or presence of AZT. Infected cells were selected in gpt selective 
media and colonies were isolated and expanded into cell Imes. Twelve cell 

10 lines developing after infection in the presence of AZT were further 
characterized. To determine if these cell lines were refractory to the 
antiretroviral effects of AZT they were infected with HIV-LacZ in the presence 
of IOmM AZT. Three days after infection, the cells were stained with X-gal to 
detect I3-galactosidase activity. Nine of these twelve cell lines behaved like 

1 5 wild type HeLa-T4 cells with complete inhibition of infection in the presence of 
AZT. However, three of these cell lines demonstrated greater than 50% of 
control infection (-AZT) despite the presence of 10/iM AZT. These cell lines 
were labeled as "persistendy resistant" to the antiretroviral effects of AZT. 


20 
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Infection of diese "persistently resistant" cell lines with 
replication-competent HIV confirmed the relative inefficacy of AZT in these 
cells. For example, a clinically relevant concentration of O.l^M AZT was 
much less effective in inhibiting HIV-iniB in the "persistently resistant" cell 
line than in the control cells (Figure 3). No such cells resistant to the antiviral 
effects of AZT were obtained when colonies derived from HIV-gpt infections 
in the absence of AZT were studied (see Table 2). 


None of the "persistendy resistant" cell lines were cross 
"resistant" to the antiretroviral effects of ddl or ddC. Interestingly, cells with 
persistent resistance to AZT showed partial cross resistance to the antiretroviral 
effects of 50mM d4T. In addition to diis evaluation for cellular 
cross-resistance, it was possible to use a simUar experimental protocol to 
demonstrate the independent selection of cells refractory to die antiretroviral 
effects of a variety of otiier nucleoside analogs (Table 2). In contrast, no cells 
3 5 "persistently resistant" to the antiretroviral effects of the non-nucleoside reverse 
transcriptase inhibitor TIBO R82150 could be selected using identical 
techniques. These results indicate diat HeLa-T4 cells have subpopulations of 
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cells that are independently refractory to the antiretroviral effects of a variety 
of nucleoside analogs. 


Comparison of Thymidine and AZT Phosphorylation In Isolated Clones 

5 

To initiate an analysis of the mechanisms responsible for this 
cellular resistance, a persistently resistant cell line was compared to a control 
cell line obtained by HIV-gpt infection in the absence of AZT. Each of these 
cell lines was incubated with ^H-thymidine and thymidine metabolites were 

10 assayed by HPLC. As shown in Figures 4A and 4B. the persistently resistant 
cell line (R116) had a greater phosphorylation of thymidine into TTP compared 
to the non-resistant cell line (SI). An identical experiment with ^H-AZT 
indicated a nearly 2 fold reduction in AZTTP in R116 cells compared to SI 
cells (Table 3). Therefore, a component of the resistance may be related to a 

15 diminished AZTTP/TTP ratio. These results suggest that alterations in 
nucleotide metabolism may underlie some of the differences between these cell 
lines. To further characterize the basis for these differences, thymidine kinase 
mRNA levels and thymidine kinase activity were compared in the two cell 
lines. Although there were no differences in the thymidine kinase mRNA 

20 levels on a Northern blot analysis, the R116 cell line had 3 times greater 
thymidine kinase activity than the SI cell line (Figure 5). 

Tolerance of the Clones to Very High Concentrations of AZT 

25 In additional studies of these cell lines, tolerance of high 

concentrations of AZT was tested. As shown in Figure 6, the persistently 
resistant cell line (R116) was much more tolerant of high concentrations of 
AZT. The cytotoxic concentration of AZT that killed 50% of a variety of 
control cell lines was approximately lOO^M. In contrast, the cytotoxic 

30 concentration of AZT that killed 50% of the persistently resistant clone R116 
was greater than ImM. This implies that the mechanisms that protect HTV 
from AZT in the resistant cell lines also protect these cell lines from the 
cytotoxic effects of even higher concentrations of AZT. This demonstrates 
another AZT-related difference amongst these clones derived from the same 

35 parental cell line. 
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Use f Floxuridine To Modulate the Antiviral Activity Of AZT 

Inhibition of Early Viral Breakthrough in Cells 
Sensitiye and Refractory to the Antiretrovu-al Effects of AZT 

5 

A previous study has utilized replication-defective HTV to 
quantitate early infection in the presence of AZT (31). In that study, HTV-gpt 
(a recombinant HIV encoding a selectable marker) was used to infect HeLa-T4 
ceUs in the presence of AZT. Infected cells were isolated in gpt selective 
10 media and expanded into cell lines. Several such cell lines were refractory to 
the antiviral effects of AZT as evidenced by the abUity of replication-defective 
or replication-competent HTV to infect these cells in the presence of AZT. 
Several control cell lines were obtained by infection of HeLa-T4 cells with 
HIV-gpt in the absence of AZT. Cell line R116 is a cell line that was 
15 determined to be refractory to the antivual effects of AZT. Cell line SI is a 
control cell line. A prior metabolic analysis of these cell lines indicated that 
cell line R116 had a reduced accumulation of AZTTP and an increased 
phosphorylation of tiiymidine to TTP in comparison to the SI control cell line 
(31). To determine if the addition of a fluoropyrimidine to AZT increased the 
20 antiviral efficacy of AZT in the R116 cell line, cells were cultored in the 
absence or presence of 0.1 ;iM AZT or O.Ol^M FUdR alone or in combination 
prior to infection wifli HIV-1 niB at an input multiplicity of infection of 1 . As 
demonstrated in Figure 7A, 0.1/xM AZT had potent antiviral efficacy in the 
control SI cell line. In contrast, in die cell line refractory to die antiviral 
25 effects of AZT (Rl 16) Uiere was significant HIV replication in tiie presence of 
O.luM AZT (Figure 7B). However, the addition of 0.01^14 FUdR to O.l^M 
AZT suppressed tiiis viral breakthrough. At tiiese concentrations, no 
cytotoxicity was observed. 

To further characterize tiiese different cell lines, cytotoxicity to 
various concenuations of FUdR were determined. As shown in Figure 8, die 
R116 cell line had an ED50 of 0.7^M FUdR whereas tiie SI cell line, parental 
HeLa-T4 cells and a pool of control cell lines all had an ED50 of 7fiM. These 
results further substantiate tiie presence of metabolic differences in cells 
35 refractory to Uie antiviral effects of AZT as opposed to cells sensitive to tiie 
antiviral effects of AZT. 
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Efficacy of AZT in Combination with FUdR 
in Inhibiting fflV-l Infection of Lymphoid cells 
Sensitive and Refractory to the Antiviral Activity of AZT 

5 To extend the analysis of the antiviral efficacy of AZT in 

combination with FUdR to lymphoid cells, similar experiments were perfonned 
in Jurkat JE6.1 cells. In these experiments, three populations of cells were 
studied. The parental JE6.1 cells were compared to populations of JE6.1 cells 
that were isolated after infection with a replication-defective recombinant 

10 Moloney Leukemia virus containing the Tn5 neo gene (MLV-neo) in the 
absence or presence of AZT. JE6.1 cells were infected in the absence or 
presence of lOfM AZT and two days later the cells were placed in media 
containing Img/ml G418 to allow the growth of infected cells. JE6.1AZTR is 
the cell population that was infected with MLV-neo in the presence of AZT. 

15 JE6.1con is the control population of cells infected with MLV-neo in the 
absence of AZT. 

The efficacy of AZT in combination with FUdR in inhibiting 
HIV-1 infection of these cell populations was determmed by infection in the 

20 absence of AZT or in the presence of 0.001;iM, 0.01/xM, O.l/iM. l^M or 
lO^M AZT in combination with no FUdR, 0.005/xM FUdR, 0.01 /xM FUdR 
or 0.025/iM FUdR. This experiment allowed a detailed analysis of the IC50 of 
AZT in each population with different concentrations of FUdR. These results 
are shown in Table 4. Based upon prior results m HeLa-T4 cells (31), it is 

25 likely that the JE6.1AZTR cells represent a mixmre of cells, some of which 
require an increased concentration of AZT to inhibit HIV infection. This is 
reflected by a 2 fold increase AZT IC50 when analyzing the entire population. 
Strikmgly, the combmation of FUdR with AZT dramatically suppresses HIV 
infection of this population. A greater than 600 fold reduction of AZT IC50 is 

30 seen during infection of these cells in the presence of AZT and FUdR. In fact, 
these cells, which were initially isolated as cells mfected in the presence of 
AZT, were more sensitive to the antiviral effects of the AZT-FUdR 
combination than were control or parental cells. These results suggest that this 
population of cells has metabolic features that renders them highly susceptable 

35 to the antiviral effects of the AZT-FUdR combination. Of note, there is a 
10-fold reduction of AZT IC50 when the parental and control cell populations 
were infected with HIV-1 in the presence of AZT and FUdR. No cytotoxicity 
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was Observed in the AZT-FUdR combination except at the highest drug 
concentrations used (lOftM AZT plus 0.025/iM FUdR, Figure 9). 

Efficacy of AZT in Combination with FUdR in Inhibiting HIV-1 Infection 
5 of Primary Blood Mononuclear Cells 

The antiviral efficacy of the combination AZT and FUdR was 
also assessed in PBMC. These studies are shown in Figure 10 and demonstrate 
that the combination of AZT and FUdR has potent antiviral activity in PBMC. 

10 Similar results were obtained with a primary HIV isolate known to be 
geneticaUy sensitive to AZT. Therefore, FUdR potentiates the antiviral 
efficacy of AZT in PBMC infected with either HIVIIIB or a clinical isolate. 
Of note, cytotoxicity in the AZT-FUdR combination was sinular to that seen 
for the JE6.1 cells in that cytotoxicity was only observed when 1 0/tM AZT 

15 was combined widi 0.025^M FUdR. 


DISCUSSION 


Sanctuary Growth Of HIV In The Fk-esence Of AZT 

20 

The smdies described above indicate that sancniary growth of 
HIV may occur in the presence of AZT and that early in treatment cellular 
resistance may make a large contribution to viral breakthrough. In fact, there 
was no quantitative difference in HIV breakthrough when HIV-gpt prepared by 

25 transfection in COS cells was compared to HIV-gpt produced by rescue with 
replication-competem HIV. This suggests that a large part of early infection in 
the presence of AZT may be a consequence of cellular effects. At least two 
types of such sanctuary growth were detected. Nine of the twelve cell lines 
analyzed did not have persistent resistance to the antiviral effects of AZT and 

30 may have had epigenetic alterations such as those that might occur at specific 
points in the cell cycle. In contrast, three of the twelve cell lines had persistent 
resistance to the antiviral effects of AZT, with both recombinant and 
replication-competent HTV. In smdies with replication-competent HTV, 
vimially complete inhibition of the infection of control cells was obtained with 

15 a concentration of AZT that only reduced viral production m a persistently 
resistant clone by 50%. 
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These cell lines refractory to the antiviral effects of AZT are 
likely to have specific alterations that render AZT less effective. Metabolic 
studies suggest that some of this resistance may be due to differences in 
nucleotide metabolism resulting in a reduction of AZTTP in the resistant cells. 
5 It will be important to further characterize and deHne the mechanisms 
responsible for celliilar resistance because reversal of this resistance may 
greatly reduce viral burden and delay the outgrowth of virus with genetic 
resistance. It is important to emphasize that the cells that were detected as 
refractory to the antiviral effects of AZT were only exposed to AZT for a short 
10 period of time. There was no preselection of cells prior to infection with the 
recombinant viruses. 

Recent reports on nucleotide pool sizes in resting as opposed to 
stimulated blood mononuclear cells and different cell lines derived from 

15 different blood cell lineages have demonstrated marked differences that might 
translate into variable efficacies of nucleoside analogs within populations of 
blood cells (6»15). Furthermore, other investigators have grown cells in high 
concentrations of AZT for prolonged periods of time and demonstrated the 
selection of cells with reduced levels of thymidine kinase activity (17). 

20 Additional data about metabolic differences occuring in the lymphocytes of 
patients treated with prolonged courses of AZT also suggests that cellular 
resistance may contribute to HIV breakthrough (1). Thus, celluliar resistance is 
likely to contribute to viral breakthrough during an in vivo infection and 
multiple mechanisms may contribute to cellular resistance. The prevalence of 

25 resistant cells detected in single cell lines derived during infection in these 
studies raises interesting speculation concerning the prevalence of similar 
resistant cells during an in vivo infection involving multiple cell types. 

Earlier studies with recombinant viruses indicated that there is a 
30 high prevalence of genetically TIBO resistant HIV in an unselected HIV 
population. As a consequence of this high prevalence and the lack of cellular 
metabolism for TIBO, genetically resistant virus is rapidly selected in vivo and 
in vitro. In contrast, AZT is metabolized in cells, a subpopulation of which is 
refractory to the antiretro viral effects of AZT. Early growth of 
35 "non-genetically resistant" virus can occur in these sanctuary cells C*cellular 
resistance"). With continued growth there is amplification of pre-existing (or 
emerging) viral variants with genetic resistance because the truly resistant virus 
can infect any suitable target cell, not just those cells in which AZT is 
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ineffective. This gives a relative growth advantage to the genetically resistant 
virus. Subsequent additional mutations or recombination events may result in 
viruses with multiple mutations. The initial "cellular resistance** may allow a 
population of non-resistant or partially resistant virus to replicate, providing a 
5 pool of virus in which additional mutations and recombination events can 
occur. Reversal of cellular resistance could conceivably delay, or even 
prevent, the outgrowth of highly resistant virus with multiple mutations by not 
allowing non-resistant or partially resistant virus (with single mutations) to 
replicate. 

10 

Figure 1 is a schematic representation of the production of 
recombinant HTV-gpt by COS cell transfection or rescue from the H9/HrV-gpt 
cell line. 

15 Figure 2 is a schematic representation of the analysis of colonies 

arising after COS cell derived HTV-gpt infection of HeLa-T4 cells in the 
presence of lO^M AZT. Twelve such colonies were expanded and infected 
with HTV-LacZ in the presence and absence of lO^M AZT. Ten control 
colonies derived from HTVgpt infection of HeLa-T4 cells in the absence of 

20 AZT were studied in parallel. '^Persistent" cellular resistance was defmed by a 
high level infection with HIVLacZ in the presence of AZT, as shown for 
colony number 2. HIV-LacZ contains the LacZ gene driven by an SV40 
promoter inserted into a large deletion in the HTV genome extending from the 
pol gene to the 3* end of the env gene. HIVLacZ virus production has been 

25 previously described (16). 

Figure 3 is a graph showing the infection of a clone of HeLa-T4 
cells "persistently resistant" to the antiviral effects of AZT (clone R116) and a 
control clone (SI) with replicationcompetent HIV-IIIIB in the presence of 
30 O.l^M AZT. P24 was assayed, compared to a control infection in the absence 
of AZT and plotted as a function of time. P24 values in the absence of AZT 
were 1857 + 104 ng/ml for SI and 1717+ 113ng/ml for R116. 

Figures 4A and 4B are graphs illustrating thymidine metabolism- 
35 HPLC analysis of clones obtained after infection of HeLa-T4 cells with 
HIV-gpt in the presence and absence of AZT. Figure 4A illustrates the SI cell 
line derived from HeLa-T4 cells after infection with HIV-gpt in the absence of 
AZT. Figure 4B illustrates the R116 cell line, which was persistently resistant 


PCT/US96y03S02 

WO 96/28162 

to the antiviral effects of AZT. The earliest peak represents thymidine and the 
subsequent peaks represent IMP, TDP. and TTP. 

Figure 5 is a graph showing a comparison of thymidine kinase 
5 mRNA levels (A) and enzyme activity (B) in cell lines sensitive and persistenUy 
resistant to the antiretroviral effects of AZT. The mRNA levels of SI and 
R116 were 8390 and 8500 densitometry units, respectively . Thymidine kinase 
activity was based upon three independant experiments performed in triplicate. 

3^0 Figure 6 is a graph showing cellular toxicity of AZT. The cell 

lines were grown in the presence of the indicated concentrations of AZT. 
Cellular toxicity was then determined in cells persistently refractory to the 
antiviral effects of AZT (Rlie) and in cells sensitive to the antiviral effects of 
AZT (HT4, S pool and SI) using a standard MTT assay. S pool was a pool of 

15 colonies derived from fflV-gpt infection of HeLa-T4 ceUs in the absence of 
AZT. HeLa-T4 is the parental cell line. 

Table 1 shows the frequency of HIV-gpt colony formation in the 
presence and absence of AZT. Table 1 also shows a comparison of HIV-gpt 
20 produced in COS cells by transfection with plasmids and HIV-gpt produced by 
rescue from the H9/HIV-gpt cell line after infection with HIV-llilB (see Figure 

1). 


Table 1 


Number of colonies 

Source of HIV-gpt 

-AZT 

+AZT 

Frequency 

Plasmid-derived (COS cells) 

3.1 X 10^ 

16 

5.2 X 10-* 

Rescue with HTV-l 

1.8 X 10* 

9 

5.0 X 10"* 


Table 2 shows colony formation and "persistent resistance" after 
HeLa-T4 infection with plasmid derived HIV-gpt (produced in COS cells) in 
the presence of high doses of the indicated antiretroviral agents. 
Concentrations of the antirettoviral agents were: AZT-lO/xM. DDI-50mM, 
D4T-50;iM and DDC-lO/xM. 
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3<=> 
Table 2 


5 

Drug 

Number of colonies 

Number of 

"persistently resistance" 
colonies 

Frequency 


No Drug (Control) 

8800 

0/10 

0 


AZT 

12 

3/12 

3.4 X 10"^ 


D4T 

50 

not done 


10 

DDI 

16 

2/16 

2.3 X 10-^ 


TIBO 

3 

0/3 

0 


Table 3 shows the concentration of phosphoiylated AZT 
15 metabolites in the "persistenUy resistant" (R116) and sensitive (SI) cell lines. 
Pool sizes were determined by incubation of cells with 'H-AZT for 4 hours 
followed by cellular extraction and HPLC. The numbers are expressed as 
pmoles/lO'5 cells. The numbers in parentheses represent the percentage of total 
radioactive species in that pool. 

20 

Table 3 


25 


Clone 

AZT 

AZTMP 

AZTDP 

AZTTP 

SI 

0.0206(12.2) 

0.1212(71.6) 

0.0116(6.9) 

0.0158(9.3) 

R116 

0.0155(7.7) 

0.1575(78.6) 

0.0193(9.6) 

0.0083(4.2) 


Use of Floxuridine To Modulate the Antiviral Activity Of AZT 


Preliminary studies from our laboratory have demonstrated that 
early HTV infection of various cell lines in the presence of AZT is not the 
consequence of infection with AZT-resistant virus. In both HeLa-T4 cells and 
a lymphoid cell line (Jurkat JE6.1), the predominant component of early HTV 
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infection in the presence of AZT is a consequence of infection with 
AZT-sensitive virus (31), Clinical studies also demonstrate that early HTV 
infection in the presence of AZT occurs with AZT-sensitive virus (29). To 
characterize the mechanisms allowing the replication of AZT-sensitive HTV in 
5 the presence of AZT, a metabolic analysis of some of the cells infected with 
HTV in die presence of AZT in vitro was previously undertaken (31). Those 
studies demonstrated that a component of early infection with drug-sensitive 
virus was occuring in a subpopulation of cells with features that would be 
anticipated to decrease the antiviral efficacy of AZT. These studies were 

10 important because they indicated that tiie reversal of early HIV infection in the 
presence of AZT required interventions directed at features other than viral 
drug-resistance. Based upon a prior study demonstrating increased 
phosphorylation of thymidine to TTP and decreased AZTTP in a subset of cells 
infected with drug-sensitive HIV m the presence of AZT, applicants have 

15 attempted to modulate the antiviral efficacy of AZT by combining AZT therapy 
with floxuridine. These initial studies have demonstrated the suppression of 
early viral breakthrough infection in the presence of AZT with drug 
combinations that are readily achievable in vivo and are non-cytotoxic. In 
addition, there is a clear concentration-response relationship when FUdR is 

20 added to AZT. 


In addition to the determination that the AZT-FUdR combination 
suppressed HIV infection of cells that were infected with HIV in the presence 
of AZT, the combination was much more effective than AZT alone at 
25 inhibiting HIV infection of an unfractionated lymphoid cell line and PBMC. 
This increased efficacy was also demonstrated with a clinical isolate. 
Therefore, the enhanced antiviral activity of the combination therapy is not 
restricted to cell lines, recombinant viruses, or laboratory strains of virus and 
may therefore have clinical utility. 

30 

The increased efficacy of AZT-FUdR in suppressing HTV 
infection of cells readily infected with HIV in the presence of AZT is 
particularly striking. Since tiiis population of cells is a mixture of cells with 
and without persistent refractoriness to the antiviral effects of AZT (i.e., 
35 infection of a subset of this population is repeatedly refractory to the antiviral 
effects of AZT), the AZT IC50 for this population is only minimally elevated. 
Nevertheless, infection of this entire population is extremely sensitive to 
inhibition by the AZT-FUdR combination. The supersensitivity of infection of 
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this population of cells to combination therapy was unanticipated and is likely 
to be explained by metabolic featuies that are responsible for the efficacy of the 
combination. Determination of the mechanisms responsible for this 
supersensitivity to combined AZT-FUdR therapy must await metabolic analysis 
5 of thymidine, AZT and FUdR phosphorylated intermediates in populations of 
cells and individual clones. It is important to note that in all of these studies 
FUdR has moderate antiviral activity when used by itself. The mechanisms by 
which this inhibition occurs are also currently unknown and may also be related 
to perturbations of normal thymidine metabolite pools, direct inhibition of viral 
10 or cellular processes or by incorporation into the viral DNA during reverse 
transcription. 

It is very likely that the long term ability of HIV to replicate in 
the presence of AZT is a consequence of the emergence of AZT-resistant virus. 

15 Multiple mutations in RT are necessary for the development of this genetic 
AZT-resistance and these mutations emerge over several months-years. 
Suppression of early HIV replication with AZTsensitive virus in the presence 
of AZT could delay, or even prevent the emergence of AZT resistant virus by 
diminishing the substrate for subsequent genetic changes. Therefore, studies 

20 that define the mechanisms of early viral breakthrough infection have potential 
long term therapeutic implications. 

The clinical feasibility of combined fluoropyrimidine-AZT 
therapy needs to be evaluated. At low concentrations the fluoropyrimidines are 

25 often well tolerated by oncology patients with few significant neurologic, 
gastrointestinal or hematologic toxicities. The in vivo dose necessary to 
improve the antiviral efficacy of AZT will need to be determined, however 
extrapolation from in vitro studies indicates that cytotoxic concentrations of 
fluoropyrimidines will not be needed. Phase I clinical studies of FUdR 

30 combined with AZT in patients with HIV-1 infection will provide information 
about the feasability of combination therapy. In addition, other drugs with the 
ability to decrease TTP levels will also be evaluated in pre-clinical studies. 

Figure 7 is a graph showing the suppression of viral 
35 breakthrough in cells sensitive and refractory to the antiviral effects of AZT. 
Cells sensitive (SI) and refiactory (R116) to the antiretroviral effects of AZT 
were infected with HIV-1 niB in the absence of drug (open squares), O.l^iM 
AZT (solid squares), O.Ol^iM FUdR (solid triangle) or a combination of 0. l/zM 
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AZT plus 0.01 FudR (open triahgle). Cell free supematants were assayed 
for RT activity every two days. Results are the mean of triplicate cultures. 
Standard deviations were < 15%. 


5 Figure 8 is a graph illustrating FUdR cytotoxicity in cells 

sensitive and refractory to the antiretroviral activity of AZT. Cells sensitive, 
parental HT4 (open circle), SI (solid square). Spool (solid circle) and 
refractory, R116 (open square) were grown in the presence of various 
concentrations of FUdR. Three days latter, cell viability was determined by 
10 the MTT reduction method. Spool cells are a population of control cells 
obtained by infection with HTV-gpt in the absence of AZT (7). 

Figure 9 is a graph showing AZT-FUdR cytotoxicity in JE6.1 
cells sensitive and resistant to the antiviral effects of AZT. Cytotoxicity of 10 
15 /iM AZT in combination with 0.025^M FUdR was determined in JE6.1 cells 
sensitive (solid circle), JE6.1con (open circle) and resistant, JE6,1AZTR (open 
triangle) to the antiviral effects of AZT as described in Materials and Methods. 

Figure 10 is a graph showing that the AZT-FUdR combination 
20 inhibits fflV-1 infection of PBMC, PBMC were infected with HIV-1 in the 
absence of drug (cross) with AZT alone (x), with various concentrations of 
FUdR alone, [0.005 FUdR (open circle), O.Ol/xM FUdR (open square), 
0.025axM FUdR (open triangle)], or with combinations of FUdR and AZT 
[AZT + 0.005/xM FUdR (closed circle), AZT + 0,01 /xM FUdR (solid 
25 square) AZT + 0,025/xM FUdR (solid triangle). Panel A, [AZT] = 0.001 
iM\ Panel B, [AZT] = 0.01 /xM. 

Table 4. Jurkat JE6. 1 cells. Jurkat JE6. 1 cells refractory to the 
antiviral effects of AZT (JE6. AZTR) and control JE6.1 cells (JE6.1con) 
30 obtained by infection with MLV-neo in the absence of AZT were infected with 
HIV-1 mB in die presence of 0.001 yM AZT. 0.01 AZT, 0.1 iM AZT, 1 
mM AZT or 10 ^M AZT in the presence of 0.005/iM FUdR, 0.01 yM FUdR 
or 0.025/xM FUdR. IC50 represents the concentration of AZT requned for 
50% inhibition of reverse transcriptase activity at day 6 of infection. 


35 
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Table 4 

AZT/FUdR Susceptibility In Cells 
Sensitive And Refractory To The Antiretroviral Activity Of AZT 

5 


JHO. 1 

JfaO.lAZTR 

JEo.lcon 

Tivntm^nt Tf^crt ^pncitivitv 
1 ivaliUvUi ^^jU ^^UDiUyiljr 

1\«'^Q OCildlUlVlljr 

*^50 ^cnsiuvity 

(jiM) (fold) 

(mM) (fold) 

((M) (fold) 

AZT 0.3 

0.6 

0.2 

AZT+.005F0.3 0 

0.003 20 

0.2 0 

AZT+.OIF 0.1 3 

O.OOl 600 

0.03 7 

AZT+.025F0.03 10 

<.001 >600 

0.02 10 


15 
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It will be understood that the embodiments described herein 
are merely exemplary and that a person skilled in the art may make many 
variations and modifications without departing from the spirit and scope of the 
invention. Ail such modifications and variations are intended to be included 
within the scope of the invention as defined in the appended claims. 
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1 . A method for treating a human with human 
inununodeficiency virus infection which comprises administering to the human 
5 a therapeutically effective amount of a thymidine analog, which analog acts as 
an inhibitor of viral reverse transcriptase necessary for viral replication of 
human immunodeficiency virus, and a thymidylate synthase inhibitor, or 
pharmaceutically acceptable salts thereof. 

10 2. The method according to claim 1, wherein the thymidine 

analog is selected from the group consisting of 3 '-azido-3*-deoxy thymidine, 
and D4T. 

3. The method according to claim 2, wherein the thymidine 
15 analog is 3'-azido-3*-deoxythymidine, 

4. The method according to claim 1, wherein the thymidylate 
synthase inhibitor is selected from the group consisting of 5-fluorouracil, 5- 
fluoro-2-pyrimidone, and floxuridine. 

20 

5. The method according to claim 4, wherein the thymidylate 
synthase inhibitor is floxuridine. 

6. The method according to claim 1, further comprising a 
25 therapeutically effective amount of a folate antagonist, or a pharmaceutically 

acceptable salt thereof. 

7. The method according to claim 1, wherein the folate 
antagonist is selected from the group consisting of methotrexate and 

30 trimetraexate. 

8. The method according to claim 1, wherein the folate 
antagonist is methotrexate. 

35 9. The method according to claim 1, further comprising a 

therapeutically effective amount of hydroxyurea, or a pharmaceutically 
acceptable salt thereof. 
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10. The method according to claim 1, wherein the thymidine 
analog is administered in an amount from about 5mg to 250mg per kilogram 
body weight per day. 

5 11. The method according to claim 10, wherein the thymidine 

analog is administered in an amount from about 7.5mg to lOOmg per kilogram 
body weight per day. 

12. The method according to claim 1, wherein the 
10 thymidylate synthase inhibitor is administered in an amount from about O.Olmg 

to 25mg per kilogram body weight per day. 

13. The mediod according to claim 12, wherein the 
thymidylate synthase inhibitor is administered in an amount from about O.Olmg 

15 to lOmg per kilogram body weight per day. 

14. The method according to claim 1, wherein the folate 
antagonist is administered in an amount from about O.OSmg to 25mg per 
kilogram body weight per day. 

20 

15. The method according to claim 14, wherein the folate 
antagonist is administered in an amount from about O.OSmg to lOmg per 
kilogram body weight per day. 

25 16. The method according to claim 1, wherein hydroxyurea is 

administered in an amount from about 5mg to 250mg per kilogram body weight 
per day, 

17. The method according to claim 16, wherein hydroxyurea 
3 0 is administered in an amount from about 7.5mg to lOOmgper kilogram body 
weight per day. 


/ PCTAJS96/03502 
WO 96/28162 . A * 

Figure 1 


CHIV-gpt ] ( env ) 


Calcium phosphate iransfeciion 


COS 



Harvest Supernatant 
(Plasniid-derived HlV-gpt) 


Infect HcLa-'H Cells 




Infect with HIV-1 IIIB 



Harvest Supernatant 
(Rescued HIV-gpt + HIV-IIIIB) 

\ 

Infect HeLa-T4 Cells 


+AZT 


AZT 


+AZT 



GPT Selective Media 


GPT Selective Media 


Count Colonies on Day 10 


wo«n.K2 pcrrasswMoi 


Figure 2 



colony Z - 

persistent resistance 


wo 96/28162 


Figure 3 


PCT/US96/03502 


GO- 


TO- 


50 


30 


10 


SI moi-t;0.1 uMAZT 
nUGmoi=l;0.1 uMAZT 



10 


15 


SI- coll line dorlvod from clone of HeLa-T4 colls infecled wilh HIV-gpl in the 

absence of A2T 

R116- cell lino derived from a cidne "persislonlly roslslanl" to Ihc anliretroviral 

effects of AZT 
Infections done at m.o.i. of 1.0 in O.I^M AZT 


wo 96/28162 


PCTAJS96/03502 



wo 96/28162 


PCT/US96/03502 



wo 96/28162 


Figure 5 


PCT/US96/03502 


SI R116 


H E 
c 


1 - 


o-»- 




R116 


wo 96/28162 


Figure 6 


PCT/US96/03502 



AZT Concentration (uWI) 


wo 96/28162 


FIGURE 7 


PCT/US96/03502 


SI 

200000 - l ^ 


150000- 



0 2 4 6 8 10 12 14 


wo 96/28162 


PCT/US96/03502 



[FUDR] uM 


wo 96/28162 


PCTAJS96/03502 



Days 


wo 96/28162 


///// 
FIGURE 10 


PCT/US96/03502 


800000 


600000 


< 400000 - 


200000 - 




INTERNATIONAL SEARCH REPORT 


Imcmaiional application No. 
PCT/US96/03502 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61K3I/515. 31/34. 31/70 

US CL : 514/270, 469. 49 . . . r idi- 

According to Imcmational Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/270.469.49 


Documenution searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of iaU base and. where practicable, search terms used) 
STN, COMPOUNDS AND ANTIVIRAL METHODS OF USE 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant 10 claim No. 


SCIENCE, Volume 266, issued 04 November 1 994, Lori et al, 
"Hydroxyurea as an Inhibitor of Human Immunodeficiency 
Virus-Type 1 Replication", pages 801-805, see entire 
document. 

Chemical Abstracts, Volume 67, Number 9, issued 1967, 
Chas. Pfizer & Co., Inc., "Antiviral Compositions", page 
6371, column 1, abstract 67575t, GB 1,067,390 
(03.05.67), 6 pages, see entire abstract. 


1-17 


1-17 


Further documents arc listed in the continuation of Box C. □ Sec patent family annex 


.p. 


Special tfttU|oric» of cited docuincnu: 

document defininj Ihe gcnenil iiole of the art which ii not coniidered 
to be of pAftkular relevance 

earlier document pubtlihed on or tftcr the intemationnl filing dale 

document which inay throw doubU on priority claini(») or which it 
ciloJ to citobliih the publication date of »nolhcr citation or other 
special reason (as ipecirieJ) 

document referring to on oral dinclowure. use. ejOiibition or other 


document published prior to the intcnuitional filing date but btcr than 
the priority date claimed 


laur docwnent published after the inlermtional filing dale or pnonty 
dale and not in confiicl with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the ebiinod invention cannot be 
coniidered novel or cannot be coniidered to involve an inventive ttcp 
when the document it token alone 

document of particulor rtlcvonce; the claimed tnvenUon cannot be 
coMidervid to involve an inventive itep when the document n 
combined with one or more other auch docutnenu, luch combination 
being obviotu to a peroon akilled in the art 

document member of the tame patent family 


Date of the actual completion of the international search 
04 JULY 1996 


Date of inoiline of the international search report 


of iTU;hng 01 the miemai 

i7 Jul 1996 


Name and mailing address of the ISA/US 
Commissiuncr of Patents ond Trademarks 

Box per 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer 

RUSSELL TRAVERS-y^^Cfv v-^ 
Telephone No. (703) 308-1235 



Form PCT/ISA/210 (second shect)(July 1992)* 


INTERNATIONAL SEARCH REPORT 


Intemational application No. 
PCT/US96/03502 


C (Cominuaiion). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* Citation of document, with indication, where appropriate, of the relevant passages 


Chemica] Abstracts, Volume 122, Number 11, issued 13 March 
1995, Lin et al, "L-2-0, 3-0-dideoxy nucleoside analogs as 
antihepatitis B (hbv) and anti-HIV agents", pages 94-95, abstract 
123093c, PCT Int. Appl. 94/24616 (08.12.94). 54 pages, see 
entire abstract. 

Chemical Abstracts, Volume 111, issued 1989, Van Aerschot et 
al, "3'-Fluoro-2'3'-dideoxy-5-chlorouridine most selective anti- 
HIV agent among a series of new 2'-and S'-fluorinated 2',3'- 
dideoxynucleoside analogs", page 810, column 1, abstract'58257r 
I J. Med. Chem., 32(8), pages 1743-1749, see entire abstract. 

I Chemical Abstracts, Volume 111, issued 1989, Nakai, "Neoplasm 
mhibitors as drugs for AIDS treatment", page 77. column 2, 
abstract 167384a, Eur. Pat. Appl. EP 302.263, (08.02.89), 5 
pages, see entire abstract. 


Relevant to claim No. 


1-17 


1-17 


1-17 


Form PCT/ISA/210 (continuation of second sheet)(July I992)» 


